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Method and apparatus for increasing the size of small particles 
Reld of the invention 



10 



The invention relates to a method according to the pi 
pended claim 1 for increasing the particle size of sr 
condensation particle counter. The invention also reU 
tus for implementing the above-mentioned method 
preamble of the appended daim 12. 

Background of the invention 



■ 

Aerosols, that is, suspensions of fine particles in air or gas, are today 
recognized to play a central role in diverse environmental problems 
15 such as climate change, impaired visibility caused by the particles in 
the atmosphere and eutrofication of unhabMed lands. They also have 
an effect to respiratory diseases. Aerosols are also the sites on which 
heterogeneous reactions of gaseous trace constituents occur. The 
sources of each of the major chemical constituents of the aerosols 

20 must be known and their role in atmospheric processes must be eluci- 
dated, in order to regulate and reduce their detrimental effects. There 
are indications that most of the mass in the fine aerosols (Dp. < 2,5 
um) is secondary, i.e. is not directly emitted, but formed from gaseous 
precursors in the atmosphere. The absence of reliable aerosol data 

25 prevents understanding of the formation of these secondary aerosols 
and evaluation of their treatment in chemical transport models. How- 
ever, legislation will soon be needed to consider the sources and con- 
tributions of the major individual aerosol components to the total mass 
in order to develop efficient abatement strategies for preventing climate 

30 change. 



Detection and analysis of aerosols using a condensation particle 
counters (CPC), often known as condensation nucleus counters (CNC) 
is well known. CPC is used for example to detect small particles in 
35 aerosols, for example for outdoor and indoor air-quality research, filter 

and air cleaner research, particle formation and gwgrf sjyr^fy^g LE COPV 
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combustion and engine-exhaust studies. The CPC is also used as the 
primary detection for obtaining particle size distributions, for example in 
scanning mobility particle sizers. With CPC it is possible to detect parti- 
cles as small as 3 nm in diameter. CPC detects particles by condens- 
5 ing a vapor on the particles to grow them to large enough size that they 
can be counted e.g. optically or by other means. Hie measurement 
usually involves four steps: 1) the production of sufficient quantities of 
vapor, 2) creation of supersaturation necessary to activate the parti- 
cles, 3) maintenance of the particles in the supersaturated state long 

10 enough to grow them to a detectable size and 4) detection of the grown 
particles. In a CPC, the aerosol is first saturated with a vapor and sub- 
sequently cooled to induce the supersaturation conditions. For a given 
saturation ration, the vapor can condense onto particles only if they are 
large enough. The minimum particle size capable of acting as a con- 

15 densation nucleus is called the Kelvin diameter. The relationship be- 
tween the supersaturation rate and Kelvin diameter (d p ) can be ex- 
pressed as the following function [Tang 1976, Friedlander 1977]: 



20 



P. 



— = Sm f exp 



RTd 



p j 



25 Where: p d is the saturation vapor pressure on particle surface 

p 8 is the equilibrium saturation vapor pressure 

8 Is activity cofficient 

m f is mole fraction of the solute 

y is the surface tension of the liquid 
30 v is the molar volume of the liquid 

R is the gas constant and 

T is the temperature. 



Equation is derived for vapor condensed on a liquid droplets of the 
35 same material or on insoluble particles with wettable surface properties 
for the working fluid. 
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Fig. 1 shows a CPC according to prior art, which is a so-called cooling- 
type CPC. In this example, the vapor needed for particle growing is 
produced through cleaning and supersaturation from aerosol gas itself, 
5 and it is called here the sheath flow. In other words, the sheath flow is 
filtered aerosol flow, i.e. it contains the same gas mixture as the sam- 
ple flow, without solid particles. The main parts of the CPC are a flow 
divider 5, saturator 1, condenser 2 and detector 7. The flow divider 5 
divides the aerosol flow to sheath flow and sample flow. Saturator 1 
10 has two sections which are integrated together a saturating section 1a, 
which is a heated tube, with liquid impregnated felt lining, where the 
sheath flow becomes saturated with vapor, and a heated section 1b, 
without felt lining. In the condenser 2, the vapors condense on the par- 
ticles contained in the sample flow, thus enlarging them to become big 
15 enough to be detected by an optical detector 7. The condenser 2 is 
cooled to a temperature lower than the temperature of the saturator 1 . 

* 

The flow divider 5 comprises two channels, for example pipes or the 
like, an inner channel 5a and an outer channel 5b, which are set within 

20 each other. The inner channel 5a is attached at if s other end to chan- 
nel 4 for taking in the aerosol flow and it's other end extends inside the 
saturator heated section 1b. The outer channel 5b forms the outer sur- 
face of the flow divider 5 and it is closed from the top, that is, from the 
end inside the saturator heated section 1b, with a cover or the like, the 

25 center of which cover is permeated by a sample flow capillary 3. 

The intaken aerosol flow flows upwards in inner channel 5a. The inner 
channel 5a ends at a distance from the cover, thus forming a slit 8 be- 
tween the upper edge of the wall of the inner channel 5a and the cover. 

30 Part of the aerosol flow in the inner channel 5a enters through the slit 
to the space between the inner channel 5a and the outer channel 5b to 
form a sheath flow. The sheath flow is taken out from the flow divider 5 
and led onwards for cleaning with filter 6. The filter 6 removes all parti- 
cles from the sheath flow, after which the cleaned sheath flow is di- 

35 rected to a saturator 1 . The flow divider ends to a sample flow capillary 
3, which extends in to the saturator heated section 1b. 
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The sample flow, which has been separated from the aerosol flow by 
means of a sample flow capillary 3 attached to the flow divider 5, en- 
ters the cleaned and vapor saturated sheath flow in saturator heated 
part 1b, mixes with the saturated sheath flow and flows to the con- 
denser 2. In the condenser 2, the vapors condense on the particles 
contained in the sample flow, thus enlarging them to become big 
enough to be detected by an optical detector 7 following the condenser 
2. 



However, there are several problems with the CPC according to Fig. 1. 
The detector responses are slow, and turbulent mixing of flows causes 
supersaturatton fluctuations and fluctuations of cutsize both in saturator 
and in condenser. Another problem is that flow recirculations are cre- 
15 ated in the system. Thus, while some grown particles immediately exit 
the condenser and enter the detector, other particles just circulate in- 
side the condenser and randomly exit at some later time, introducing 
an exponentially decaying distribution of delays between the time parti- 
cle enters condenser and when it is detected. Thus It Is impossible to 
20 obtain sensitive size distributions. Also due to long condenser which is 
needed for particle growth, the ultra small particles in the flow tend to 
hit the condenser walls, prior reaching the detector, thus causing erro- 
neous results. Further problem is the long saturator and the large di- 
ameter of the felt tube in the saturation section 1a. This causes a lami- 
nar sheath flow in the felt tube of the saturation section 1a, resulting in 
a non-homogenous formation of vapor. 

Brief description of the invention 

The purpose of the present invention is thus to provide a method and 
an apparatus for increasing the size of small particles, which method 
and apparatus avoid the above-mentioned problems and by means of 
which the small particles In aerosol can be increased large enough to 
be detected with a detector, and substantially all particles are conveyed 
to the detector without anv toss during conveyance. 
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In order to achieve this purpose the method according to the invention 
is mainly characterized in what is presented in the characterizing part 
of the independent claim 1. 

* 

5 The apparatus according to the invention is in turn characterized in 
what is presented in the characterizing part of the independent claim 
12. 

The other dependent claims disclose some advantageous embodi- 
1 0 ments of the invention. 

The invention is based on the idea that the sample flow is introduced to 
the centre of with vapor saturated sheath flow. Prior to sample flow 
feeding point, the sheath flow is caused to form a vortex flow, that ex- 
15 tends all the way from saturator to condenser and forms a shielding 
layer between the condenser wall and sample particles, thus prevent- 
ing the sample particles hitting the walls and making it possible, that 
even the smallest particles will enter the detector. So there are no 
losses in the condenser. 

20 

In the apparatus according to the invention, the saturator and the con- 
denser are integrated into one structure in such a manner that the 
measures of the apparatus, both the height and the width, are de- 
creased and thus the flow delay times are shortened significantly. The 
25 condenser is formed in the same structure with the saturator, i.e. it is 
installed on top of the saturator, as its extension. The division of the 
aerosol to sheath flow and sample flow takes place in a flow divider, 
which is known as such from prior art. The cleaned sheath flow is 
brought to the lower part of the saturator tangentially, creating a turbu- 
30 lent vortex flow around the flow divider. The vortex flow helps the vapor 
saturation of the sheath flow, because it is in close contact with the liq- 
uid impregnated felt elements on the saturator inner lining. Further, be- 
cause the structure formed by the saturator and the condenser is com- 
pact and short, the vortex-flow-effect created in the saturator continues 
35 to the condenser as the saturated sheath flow flows upwardly along the 

Saturator and condenser inner ciirfaooc Thie u t am • _ 



WO 2005/066610 PCT/F12004/OS0192 



6 

continuous supersaturated sheath flow upwards against the condenser 
wails as well. The particle-containing sample flow is introduced to the 
condenser to the centre of the vortex flow. Because the sample flow is 
confined near the centeriine of the condenser, it encounters high su- 
5 persaturation levels and neglible losses of the formed droplets to the 
wall. To assist the formation of the vortex in the condenser, it is possi- 
ble to attach a vortex generating means in condenser, before the sam- 
ple feeding point 

10 Brief description of the drawings 

In the following, the present invention will be described in more detail 
with reference to the appended figures, in which 

1 5 Fig. 1 shows schematically a CPC apparatus according to prior art, 

Fig. 2 shows schematically an apparatus for increasing the size of 
particles according to the present invention, 

20 Fig. 3 shows the line A - A of the apparatus for increasing the size of 

particles shown in Fig. 2, and 

Fig. 4 shows a top view of a vortex generating means shown in Fig. 2. 

25 Detailed description of the invention 

■ 

Fig. 1 has been explained above, and thus it will not be discussed here 
any more. 

30 Fig. 2 shows a CPC apparatus 20, which includes an apparatus for in- 
creasing particles according to the invention. The aerosol flow is di- 
rected to the apparatus via a channel 24. The aerosol flow flows to a 
flow divider 25 via an inner channel 25a, whose other end extends in- 
side the channel 24. The flow divider 25 and its operation is substan- 

35 tially the same as the flow divider 5 presented in connection with Fig. 1 , 
which is why it will not be described in more detail in this context 
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The flow divider 25 is placed inside a saturator 21, in the centre of it, so 
that the midpoint of the bottom of the saturator 21 and the longitudinal 
axis extending via the center of the cross section of the flow divider 25 
are combined. The flow divider 25 extends through the height of the 
saturator 21 and it ends inside a condenser 22 mounted in connection 
with the saturator 21. The sheath flow divided in the flow divider 25 is 
filtered with a filter 26 and directed via a valve 28 and an input channel 
32 to the saturator 21 . 



The saturator 21 is substantially cylindrical and it is placed in connec- 
tion with a cylindrical condenser 21, below it, in such a manner that the 
center axes of the cylinders extending via the midpoints of the bottom 
of the above-mentioned cylinders are combined. Thus, , the flow di- 
15 vider 25 is situated also in the centre of the condenser. Advanta- 
geously, the diameters of the outer surfaces of the saturator 21 and the 
condenser 22 are equal. The innersurface or the inner lining 21a of the 
saturator 21, including its bottom, is formed of a material, whic 1 - ! ~ - 
pable of absorbing and conveying liquid and holding as well as 
20 ing moisture, i.e. it can be of a fabric, for example felt, porous material 
of rock or the like, or perforated expanded metal structure. The liquid 
introduced and absorbed to the inner lining 21a can be any liquid, for 
example water, alcohol or a mixture of them. Butanoi is a liquid com- 
monly used in the CPC for this purpose. The liquid is stored in a tank 
25 29, from where it is fed by means of a peristaltic pump 30 and pipe 37 
to the saturator, to its inner lining 21a. 

The flow of the liquid used in the saturation from the tank 29 is con- 
trolled by means of the peristaltic pump 30 and a liquid surface control- 

30 ler 31 . The controller 31 measures the level of the liquid surface in the 
pipe 37 and sends a control signal corresponding to the surface level 
(marked with a dashed line) to the pump 30. The measurement can be 
performed by any suitable measurement method, e.g. it can be an opti- 
cal measurement When the CPC 20 is not operating, the pump 30 op- 

35 erates to the other direction and removes the liquid accumulated in the 
saturator. 
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The outer surface 21b of the saturator 21, especially the surface 
against its inner lining 21a, is equipped with heating means (not shown 
in the figures), which heat the saturator 21 , especially its inner lining 
5 21a. 



The sheath flow is fed to the saturator 21 , to its tower part, via a feed 
pipe 32 tangentially in such a manner that a vortex flow is created in- 
side the saturator 21 . Fig. 3 shows a cross section along line A - A of 

10 the saturator, which illustrates the vortex formation. The feed pipe 32 is 
placed tangentially in relation to the saturator 21 in such a manner that 
the particle clean sheath flow fed to the saturator follows the inner lin- 
ing 21a of the saturator and creates a vortex flow, i.e. spiral flow rising 
upwardly inside the saturator 21 . Because the entire sheath flow is fed 

15 in the direction of the periphery of the saturator 21, the entire sheath 
flow gas flow comes into contact with the moist inner lining 21a of the 
saturator 21 , and the saturation of the sheath flow is very effective. The 
created vortex flow dominates around the flow divider 25 and it extends 
over the entire length of the saturator 21 , i.e. the sheath flow is in con- 

20 tact with the moist inner lining 21a of the saturator the entire time it is 
prevailing in the saturator 21. Consequently, the delay time of the 
sheath flow in the saturator 21 is longer and saturation degree of the 
sheath flow is higher than in a saturator known from the prior art. 

25 From the saturator 21 , the saturated sheath flow rises up to the con- 
denser 22, which is placed above the saturator 21 , as its extension. 
The condenser 22 is cooled by cooling its walls either from the outside 
of the condenser, for example with an external refrigerating medium, or 
the cooling is arranged inside the condenser, for example by means of 

30 a cooling gas flowing along the inner surfaces of the condenser. 

The vortex flow of the sheath flow created in the saturator 21 continues 
in the condenser 22, now following the cooled inner walls of the con- 
denser 22. Due to conservation of the flow's angular momentum, the 
35 swirl velocity of the vortex-flow increases near the center line of the 
condenser 22 thus creating an uniform supersaturation area in the can- 
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^ondensar 22 and to the canter of the vortex flow of the » e d 
shaaft flow, they are carried upwardiy and are easiiy supereaS 
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15 



4i_ , " — w «• » i ibu wren me vortex flow/ in 

the condenser to the detector 27 which nan ho ^ . " now ,n 

w .. . .. wnicn can be any detector suHahio 

for panicle counting, for example an optical counter. 

£ ™'ta^L a, »? S T ™ rt9X 9en8ralin9 means h *• condenser 22 
forentenclng the vortex ftxmafion in the saturated sheath flow The 

vortexgenerahng means is e.g.- a flow guide 35 having an ouT'eSe 

TmT^^I endrcleS 1,19 00n *"^ ""^ Lng te^ 
guide 35 and the outer edge 33 are connected together vrith socket 
(not shown in the figure). The flow guide 35. shown I a top^ewT^a 
4, . a circular, plate*e, posslb* somewhat convex pll ZsT £ 

to on the condenser 22 side has wing-like bended pre^ofloT £ 
edges of the flow nuiH^ 'sc * K vic^uvir>. me 



20 



edges 

gap 36 is formed between 

saturated 



25 



30 



35 



denser 22, l.e. just above the saturator 21. The flow divider 25 JTh 
^Jds hs^the condenser, tower part, nan^wsC^e satra 
^MtWbetbre condenser 22. The flow divider 25 with samptetov 
^»ary 25c penetrates the flow guide 35 in the flow guide's cental 

TJerortex generating means enhance the vortex flow of the saturated 
sheath flow dischaiged through the gap 36 to the condenser ^ 
n*..mizlng the parade losses on the condenser wails andTnhandm 
fi« supe^turatlon of the parades. The flow guide 35 can be a s ^ 

parent rr ber ' as a flow vane <* « « * * Z 

Plate which is rotabng around if s axis. Also it can be any other means 
whtoh ,s able to enhance the vortex flow of the saturated « Z 
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The intention is not to restrict the invention to the embodiments de- 
scribed above by way of example, but it is intended that the invention 
can be interpreted widely within the scope of protection defined by the 
claims presented hereinbelow. Thus, the saturator 21 and the con- 
5 denser 22 can be separate structures, which are attached to each 
other in an appropriate manner, or they can be integrated into a uni- 
form structure. Also the vortex generating means in the condenser 22 
are not essential for the working of the invention, but they can be used, 
when needed. 
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